The control exerted by light on leaf and stem growth in light-grown Alaska pea seedlings was studied during the main photoperiod. Two high irradiance responses were observed. The action spectrum for one had a single sharp peak at 600 nanometers. The action spectrum for the other showed a broad peak between 440 and 470 nanomneters. These two light responses must be activated simultaneously for any inhibition of stem growth or promotion of leaf growth. Both action spectra may be explained in terms of the high irradiance response of phytochrome.
Most phytochrome research to date has emphasized dark-grown plant material. Dark-grown plants are ideally suited to studies in photobiology since they are extremely sensitive to light and relatively free of screening pigments and can rely upon stored reserves in the seed. However, an understanding of the physiology of phytochrome in plants grown in the light, their natural condition, is important since their study has ecological as well as biochemical importance (10, 24) .
Several formidable problems have impeded the study of lightgrown plant materials (25) . These plants contain screening pigments that can alter the shape of action spectra. Further an ocular micrometer was used to measure growth of leaves; a flexible plastic ruler was used to measure growth of stems. Growth was measured after a 12-h experimental period (except Fig. 1 ). For the experiment reported in Figure 1 , growth was measured every 4 h in a dark room using a green safelight. Dark treatments (Fig. la only) 
RESULTS
Growth Rates. Growth rates for leaf and stem in continuous darkness or continuous cool-white fluorescent light are shown in Figure la . Leaves grew at 0.95 ± 0.05 mm/day in the light and 0.69 ± 0.04 mm/day in darkness without evidence of a circadian rhythm. Stems grew at 2.4 mm ± 0.1 mm/day in the light and at 4.8 ± 0.1 mm/day in darkness, again without evidence for a circadian rhythm.
The transition in growth rates from light to darkness required only a slight lag period (Fig. lb) . Thus, continuous exposure to light is required for a continuous response (except possibly for a brief lag period). The reverse experiment, in which plants were tranferred from darkness to white light, gave quite a different result. In this case, white light of 5 mw cm-2 was without any effect on leaf and stem growth compared to growth rates in darkness (Fig. lb) .
The transitions in growth rates from white fluorescent light to blue or yellow light are shown in Figure Ic light alone had no effect on growth rates. However, together blue and yellow light have a striking effect on shoot growth, as is shown in the next section.
Action Spectra. Seedlings were exposed to high intensity broad band yellow light from the side and to monochromatic blue light (380-500 nm) from above (Fig. 2) . Action spectra for the effect of blue light in combination with broad band yellow on leaf and stem growth show a flattened peak between 440 and 470 nm (Fig.  2) . The complementary experiment in which seedlings were exposed to broad band blue from above monochromatic light of 580 to 680 nm from the side showed a single peak near 600 nm (Fig.  3) . In addition, the action spectrum for inhibition of stem growth showed a shoulder in the 620 to 640 nm region.
DISCUSSION
The effect oflight on shoot growth during the main photoperiod is unique inasmuch as it requires two separate HIRs acting simultaneously. Several other reports have indicated an involvement of a single HIR and phytochrome (4, 9, 22) , but this appears to be the first report of the involvement of two HIRs in the same physiological response.
HIR with Absorption Peak in the Blue. The action spectra reported here (Fig. 2) with an optimum in the blue region of the spectrum are similar to most action spectra for the HIR, at least in this region of the spectrum. For example, similar action spectra have been reported for such diverse responses in higher plants as leaf inclination in wheat (22) , ethylene production (3), elongation of hypocotyls in de-etiolated cucumber seedlings (1) and etiolated lettuce seedlings (14, 16) , and Chl formation in wheat roots (12) . Many of these action spectra also show peaks in the far red region of the spectrum. The far red region was not investigated here because of the difficulty of separating HIR effects of far red and the end-of-day responses to far red found in inhibition ofinternode elongation (I 1, 25) .
Several reports have suggested that phytochrome is the receptor molecule for HIRs with peaks in the blue and far red regions of the spectrum (e.g., 2, 15). The shape of the action spectra and their dependency on intensity are explained by assuming phytochrome is rapidly cycled at a low proportion of Pfr to Ptotal.
HIR with Absorption Peak in the Yellow. Apparently there have been few reports of action spectra with peaks in this region of the spectrum, at least in flowering plants. The action spectrum for 30%o inhibition of growth in Avena coleoptiles peaked at 600 nm, although the action spectrum for 10%o inhibition indicated a typical phytochrome response (13) . Jose and Schafer (20) found the same action spectrum for reversal of the end-of-day far red effect on bean internode elongation. They explain the shape of their action spectrum by assuming a shift in phytochrome absorbance caused by Chl screening.
Ishiguri (19) reported a similar action spectrum for the effects of light during the main photoperiod on flowering in the long day plant Lemna gibba. He explained his action spectrum by assuming that phytochrome must be maintained at a high equilibrium level of Pfr. Light of 520 to 665 nm maintains Pfr at its maximum equilibrium (23) . Inasmuch as the action spectra in Figure 3 also peak in this region, a similar explanation might operate here. The lack of responsiveness to light in the red region of the spectrum is probably due to screening by Chl (19) . Lack of responsiveness to light in the green region of the spectrum is probably due simply to the higher intensities of light needed to cycle phytochrome at this level of Pfr.
Both action spectra can be explained by assuming the existence of two 
